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METHODS AND APPARATUS FOR MEMORY 
MAP GENERATION ON A 
PROGRAMMABLE CHIP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a system on a program 

mable chip. More speci?cally, the present invention relates 
to methods and apparatus for implementing master compo 
nents and slave components on a programmable chip. 

2. Description of Related Art 
A number of bene?ts have spurred efforts toWards devel 

oping programmable chips that can include a variety of 
components. In some examples, programmable chips can be 
implemented With both logic elements, a processor core, as 
Well as peripheral components and interfaces. Integrating 
master components such as processor cores and slave com 
ponents such as peripherals along With logic elements on a 
single programmable chip alloWs efficient and effective 
processing. 
Some mechanisms for implementing a programmable 

chip entail using a general purpose programming language 
or a high level language. In one example, code Written in a 
general purpose programming language such as C or C++ is 
converted into a hardWare descriptor language (HDL) ?le 
using a tool such as the DKl Design Suite available from 
Celoxica Corporation of Abingdon, United Kingdom. The 
HDL ?le can then be synthesiZed and implemented on a 
programmable chip such as a programmable logic device 
(PLD) or a ?eld programmable gate array (FPGA). Some 
available synthesis tools are Leonardo Spectrum, available 
from Mentor Graphics Corporation of Wilsonville, Oreg. 
and Synplify available from Synplicity Corporation of 
Sunnyvale, Calif. 

HoWever, mechanisms for ef?ciently implementing both 
master components and slave components on a program 
mable chip are limited. In particular, mechanisms for gen 
erating a memory map on a programmable chip having 
master components and slave components are inef?cient. It 
is therefore desirable to provide improved methods and 
apparatus for implementing a programmable chip With mas 
ter components as Well as slave components. 

SUMMARY OF THE INVENTION 

Methods and apparatus are provided for the automatic 
assignment of addresses for slave components to be imple 
mented on a programmable chip. Slave components includ 
ing peripheral components and peripheral interfaces are 
assigned to master components. In some examples, master 
components and slave components are analyZed using cri 
teria such as address space availability and address span 
Width to more ef?ciently assign base addresses for the 
various slave components on a programmable chip. 

In one embodiment, a method for generating a memory 
map associated With a programmable chip is provided. 
Information identifying a ?rst master component to be 
implemented on a programmable chip is received. The ?rst 
master component is con?gurable With a ?rst valid address 
range. Information identifying a ?rst slave component to be 
implemented on the programmable chip is received. The ?rst 
slave component is con?gurable as a component connected 
to the ?rst master component. Information for implementing 
the ?rst slave component on the programmable chip is 
included in a library of components. Information identifying 
a second slave component for implementation on the pro 

10 

15 

25 

35 

40 

45 

55 

65 

2 
grammable chip is received. The second slave component is 
associated With a second address span. The second slave 
component is con?gurable as a component connected to the 
?rst master component. A?rst address span for the ?rst slave 
component is determined. The ?rst address span corre 
sponds to a ?rst base address and a ?rst end address Within 
the ?rst valid address range. A second address span for the 
second slave component is determined. The second address 
span does not overlapping With the ?rst address span. The 
second address span corresponds to a second base address 
and a second end address Within the ?rst valid address range. 

In another embodiment, a computer system for imple 
menting a programmable chip is provided. The computer 
includes an input interface, a storage mechanism, and a 
processor. An input interface is con?gured to receive infor 
mation identifying a ?rst master component to be imple 
mented on, a programmable chip and information identify 
ing a ?rst slave component to be implemented on the 
programmable chip. The ?rst slave component is con?g 
urable as a component connected to the ?rst master com 
ponent. A storage mechanism is con?gured to hold infor 
mation for implementing a plurality of components 
including the ?rst slave component. Information for imple 
menting the plurality of components is included in a library 
of components. Aprocessor is con?gured to determine a ?rst 
address span for the ?rst slave component. The ?rst address 
span corresponds to a ?rst base address and a ?rst end 
address Within a ?rst valid address range associated With the 
?rst master component. 

These and other features and advantages of the present 
invention Will be presented in more detail in the folloWing 
speci?cation of the invention and the accompanying ?gures, 
Which illustrate by Way of example the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, Which illustrate speci?c embodiments of 
the present invention. 

FIG. 1 is a diagrammatic representation shoWing a device 
that can be the target of the techniques of the present 
invention. 

FIG. 2 is a diagrammatic representation shoWing the 
programming of the target device. 

FIG. 3 is a diagrammatic representation shoWing compo 
nents to be implemented on a programmable chip. 

FIG. 4 is a diagrammatic representation of a vector of 
valid address ranges and a vector of available ranges. 

FIG. 5 is a diagrammatic representation of a vector of 
valid address ranges and a vector of available ranges. 

FIG. 6 is a How process diagram shoWing a technique for 
automatic address assignment. 

FIG. 7 is a How process diagram shoWing a technique for 
validating assigned addresses. 

FIG. 8 is a diagrammatic representation of a system for 
con?guring the target device. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Reference Will noW be made in detail to some speci?c 
embodiments of the invention including the best modes 
contemplated by the inventors for carrying out the invention. 
Examples of these speci?c embodiments are illustrated in 
the accompanying draWings. While the invention is 
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described in conjunction With these speci?c embodiments, it 
Will be understood that it is not intended to limit the 
invention to the described embodiments. On the contrary, it 
is intended to cover alternatives, modi?cations, and equiva 
lents as may be included Within the spirit and scope of the 
invention as de?ned by the appended claims. For example, 
the techniques of the present invention Will be described in 
the context of master and slave components on a program 
mable chip. HoWever, it should be noted that the techniques 
of the present invention can be applied to a variety of chips, 
including system on a chip con?gurations. In the following 
description, numerous speci?c details are set forth in order 
to provide a thorough understanding of the present inven 
tion. The present invention may be practiced Without some 
or all of these speci?c details. In other instances, Well knoWn 
process operations have not been described in detail in order 
not to unnecessarily obscure the present invention. 
A variety of master components and slave components 

can be implemented on many programmable chips. Master 
components are coupled to a variety of slave components 
using mechanisms such as a shared bus. Any component that 
provides other components With commands as Well as data 
is referred to herein as a master component. One example of 
master component is a processing core. Another example of 
a master component is a direct memory access (DMA) 
component. Any component that receives commands as Well 
as data is referred to herein as a slave component. Examples 
of slave components include universal asynchronous 
receiver transmitters (UARTs), timers, parallel input output 
components, memory, as Well as other memory and I/O 
devices. In some examples, a component such as a DMA 
component can be both a master component and a slave 
component. It should be noted that slave components may 
include both peripherals components and peripherals inter 
faces. 

One mechanism alloWing the master components to pro 
vide commands to slave components is a memory map. After 
a system designer selects master components as Well as 
slave components to be implemented on a programmable 
chip, a system designer can alloW transmission of com 
mands to slave components from particular master compo 
nents by using a memory map. In typical systems, a master 
component gives a command to a slave component by 
addressing the slave component and supplying the slave 
component With one or more instructions. In a memory 

mapped system, portions of an address space are assigned to 
slave components. Reads and Writes to the assigned portions 
are interpreted as commands to the slave components. 

In one example, a slave component includes a controller 
that sees data being Written to an assigned portion of the 
address space. The slave component uses the data Written to 
determine the type of command as Well as any data that may 
have been provided by a Write or obtained by a read. In many 
systems With a large number slave components as Well as 
master components, slave components for any given master 
are assigned unique address spaces. In many programmable 
chip systems, the siZe of the address space itself may not be 
knoWn until the memory mapping process is complete. 

According to various embodiments the techniques of the 
present invention provide the capability of automatically 
assigning address spans for the slave components selected in 
a system. Any range of addresses corresponding to a base 
address and an end address associated With a particular slave 
component is referred to herein as an address span. The 
techniques of the present invention reduce the need for 
time-consuming and error prone manual methods for assign 
ing addresses. Mechanisms are provided for optimiZing the 
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4 
location of components in a memory space While providing 
for the case for multiple master components are connected 
to the same set of slave components. ParameteriZable com 
ponents, that may have different address spans based on 
parameters entered, are handled ef?ciently and effectively. 
Overrides are also provided in the cases Where slave com 
ponents are to be located at speci?c addresses or overlapping 
address spans are needed because of a limited address space. 

FIG. 1 is a diagrammatic representation of a program 
mable chip that can be used With the techniques of the 
present invention. Any programmable chips con?gurable 
With master components and slave components can be the 
targets of the methods and apparatus of the present inven 
tion. In one example, a heterogeneous programmable chip 
includes memory 105, logic elements 131 and 133, and 
processor elements 111, 113, 115, and 117. It should be noted 
that various components such as processor elements 111, 
113, 115, and 117 are optional. The programmable chip does 
not need these elements incorporated and may instead have 
one or more processor cores. In the example Where proces 
sor elements are provided, a variety of different components 
can be assembled to form a processor core. Instead of 
providing a generic processor core on a programmable chip, 
different components are provided to alloW customiZation of 
the processor core. 

In some examples, shifters and arithmetic logic units 
(ALUs) are provided as components that can be assembled. 
The shifters and ALUs can be parameteriZed to alloW further 
customiZation of the processor core. In many implementa 
tions, parameteriZing a soft core entails building only the 
portion that Will be used. Avariety of other components can 
also be implemented using logic elements. In some 
examples, precon?gured intellectual property (IP) blocks 
alloW a system designer to integrate other components such 
as parallel input/output (PIO), universal asynchronous 
receiver transmitters (UARTs), and timers With a processor 
core. 

It should be noted that although the techniques of the 
present invention Will be described in the context of pro 
cessor elements and logic elements, a variety of resources 
may be available on a programmable chip. For example, 
some other resources include phase locked loops (PLLs) and 
multiplexers (MUXes). Logic elements 131 typically can be 
implemented using components such as antifuses, static 
RAM, and EPROMS. Any mechanism in a programmable 
chip that performs an operation on a given number of input 
lines to provide one or more outputs based on information 
programmed is herein referred to as a logic element. Some 
logic elements are implemented as combinations of look up 
tables and sWitches for performing Boolean operations on 
input lines. In one example, a logic element includes a 16-bit 
SRAM lookup table (LUT) that can implement an arbitrary 
4-input logic function, circuitry that forms a fast carry chain 
and a fast cascade chain, a register and preset/reset logic for 
the register. 

FIG. 2 is a diagrammatic representation of one example of 
the various programs, tools, and stages that are commonly 
used to implement a programmable chip. An input stage 201 
receives selection information typically from a user for logic 
such as a processor as Well as other components to be 
implemented on a programmable chip. Selection informa 
tion may include information identifying master compo 
nents and slave components for implementation on a pro 
grammable chip. Master components may include devices 
such as processor cores and direct memory access (DMA) 
components. Slave components typically include peripher 
als interfaces and peripheral components such as PIO, 
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UARTs, timers, external ?ash memory, etc. A system 
designer typically provides the master components and the 
slave components along With a memory map noting Where 
slave components reside in an address space. Typical manual 
techniques for assigning addresses to slave components did 
not consider many characteristics of programmable chips. In 
one example, many techniques do not optimiZe address 
assignment based upon the multiple master nature of pro 
grammable chip systems. 

Similarly, many techniques do not consider parameteriZ 
able components or a dynamic address space, Where an 
address space can in fact be reduced based upon ef?cient 
assignment of addresses. An input stage 201 alloWs selection 
and parameteriZation of components to be used With cus 
tomiZed logic. In some examples, components provided to 
an input stage include intellectual property functions, mega 
functions, and intellectual property cores. The input stage 
201 may be a graphical user interface using WiZards for 
alloWing ef?cient or convenient entry of information. The 
input stage may also be a text interface or a program reading 
a data ?le such as a spreadsheet, database table, or schematic 
to acquire selection information. The input stage 201 pro 
duces an output containing information about the various 
modules selected. 

After selection information is received identifying the 
components to be implemented on a programmable chip, a 
generator program 205 creates a logic description of the 
device based on user speci?cations and provides the logic 
description to any of a variety of synthesis tools, place and 
route programs, and programmable logic con?guration tools 
to alloW a logic description to be doWnloaded onto the 
programmable chip. 

In typical implementations, the generator program 205 
can identify the selections and generate a logic description 
With information for implementing the various modules. The 
generator program 205 can be a Perl script creating HDL 
?les such as Verilog, Abel, VHDL, and AHDL ?les from the 
module information entered by a user. According to various 
embodiments, the generator program 205 also provides 
information to a synthesis tool 207 to alloW HDL ?les to be 
automatically synthesiZed. In some examples, a logic 
description is provided directly by a designer. Some of the 
available synthesis tools are Leonardo Spectrum, available 
from Mentor Graphics Corporation of Wilsonville, Oreg. 
and Synplify available from Synplicity Corporation of 
Sunnyvale, Calif. 
As Will be appreciated by one of skill in the art, the input 

stage 201, generator program 205, and synthesis tool 207 
can be separate programs. The interface betWeen the sepa 
rate programs can be a database ?le, a log, or simply 
messages transmitted betWeen the programs. For example, 
instead of Writing a ?le to storage, the input stage 201 can 
send messages directly to the generator program 205 to 
alloW the generator program to create a logic description. 
Similarly, the generator program can provide information 
directly to the synthesis tool instead of Writing HDL ?les. 
Similarly, input stage 201, generator program 205, and 
synthesis tool 207 can be integrated into a single program. 
A user may select various modules and an integrated 

program can then take the user selections and output a logic 
description in the form of a synthesiZed netlist Without 
intermediate ?les. Any mechanism for depicting the logic to 
be programmed onto a programmable chip is referred to 
herein as a logic description. According to various embodi 
ments, a logic description is an HDL ?le such as a VHDL, 
Abel, AHDL, or Verilog ?le. A logic description may be in 
various stages of processing betWeen the user selection of 
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6 
components and parameters to the ?nal con?guration of the 
programmable chip. According to other embodiments, a 
logic description is a synthesiZed netlist such as an Elec 
tronic Design Interchange Format Input File (EDF ?le). An 
EDF ?le is one example of a synthesiZed netlist ?le that can 
be output by the synthesis tool 207. 
A synthesis tool 207 can take HDL ?les and output EDF 

?les. Various synthesiZed netlist formats Will be appreciated 
by one of skill in the art. The synthesiZed netlist ?le can be 
read by a place and route tool 213. A place and route tool 
typically locates logic cells onto speci?c logic elements of a 
target hardWare device and connects Wires betWeen the 
inputs and outputs of the various logic elements in accor 
dance With logic required to implement an electronic design. 
Aprogrammable logic con?guration stage 219 can take the 
output of the place and route tool to program the logic device 
With the user selected and parameteriZed modules. Accord 
ing to various embodiments, the place and route tool 213 and 
the programmable logic con?guration stage 219 are pro 
vided in the Quartus Development Tool, available from 
Altera Corporation of San Jose, Calif. As Will be appreciated 
by one of skill in the art, a variety of synthesis, place and 
route, and programmable logic con?guration tools can be 
used to implement various techniques of the present inven 
tion. 
As noted above, different stages and programs can be 

integrated in a variety of manners. According to one embodi 
ment, the input stage 201, the generator program 205, the 
synthesis tool 207, the place and route tool 213, and the 
programmable logic con?guration stage 219 are integrated 
into a single program. The various stages are automatically 
run and transparent to a user. The program can receive the 
user selected modules, generate an logic description depict 
ing logic for implementing the various selected modules, 
and implement the programmable chip. As Will be appreci 
ated by one of skill in the art, HDL ?les and EDF ?les are 
mere examples of a logic description. Other ?le formats as 
Well as internal program representations are other examples 
of a logic description. Internal program representations can 
be transitory data used by a program to provide information 
for implementing various components on programmable 
chips. 
The techniques shoWn in FIG. 2 can be used to implement 

a programmable chip With components having automatically 
assigned address spans. FIG. 3 is a diagrammatic represen 
tation of a component table shoWing master components and 
associated slave components having automatically assigned 
address spans. According to various embodiments, various 
master components are assigned valid address ranges. Mul 
tiple master components can have valid address ranges that 
overlap. In typical implementations, a variety of slave 
components to be implemented on a system With multiple 
master components are ?rst associated With particular mas 
ter components. Slave components associated With the same 
master typically can not have overlapping address spans, 
although the techniques of the present invention alloW slave 
components to have address spans that overlap in certain 
instances. 

Various considerations may be taken before associating 
the various slave components to master components. In 
some examples, slaves are ?rst sign assigned to a central 
processing unit (CPU) as long as the CPU has additional 
space in its valid address range. Another consideration is 
Whether the available space in the valid address range for 
that master can accommodate the address span of the slave 
component being connected. In other examples, 16-bit slave 
components are assigned to 16-bit master components and 
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32-bit slave components are assigned to 32-bit master com 
ponents. According to various embodiments, if a master 
component such as a CPU does not have suf?cient address 
space in its valid address range, components are assigned to 
other master components. 

The component table shoWn in FIG. 3 shoWs a variety of 
components and their associated addresses. According to 
various embodiments, the table shoWn in FIG. 3 can be used 
to allow a system designer to enter the different components 
to be implemented on a programmable chip. A system 
designer can then execute a function associated With the 
component table 301 in order to calculate the address as 
shoWn in columns 353 and 355 corresponding to the base 
and end addresses. The component table can also include 
other information associated With the various components 
such as the bus associated With the component as Well as any 
associated interrupt request numbers (i.e. IRQs). In one 
example, a boot monitor entry 313, UART entries 315 and 
317, timer entry 327, and parallel 1/0 329 are all coupled to 
the same bus as the CPU in entry 311. The bridge in entry 
321 is also coupled to the same bus as a CPU in entry 311. 

HoWever the bridge is also coupled to a second bus that 
alloWs communication With an external ?ash memory in 
entry 323 and an external SRAM in entry 325. According to 
various embodiments, the base and end addresses are ini 
tially unassigned. In some implementations, a system 
designer can manually assign base and end addresses to the 
various components. HoWever, manually assigning base 
addresses is not only inefficient and error prone, but also 
may not consider various optimiZing techniques provided in 
accordance With the present invention. In some examples, a 
system designer executes a function in a menu associated 
With an input stage program and addresses associated With 
the various components are automatically assigned to loWest 
available addresses that Will ?t the address span of the slave 
components as Well as align With the address span of the 
slave components. 

According to various embodiments, the techniques of the 
present invention alloW the maintenance of an address map 
for each master component de?ned in the system. Each 
master has a valid address range de?ned, and any slave 
component such as peripheral component or a peripheral 
interface that connects to that master is con?gured to reside 
in that range. In some examples, the slave component has an 
address span that partially resides Within the valid address 
range of the associated master component. In many 
examples, a slave component is located at an address that is 
aligned With its span, as calculated from its address Width. 

In typical implementations, slave components are not 
alloWed to have address ranges that overlap With another 
slave component that is connected to the same master. 
HoWever, in some instances, some slave components do not 
use an entire allocated address range. Consequently, the 
techniques of the present invention alloW slave components 
to use a reduced address span, making the unused addresses 
available for other slave components to use. The techniques 
of the present invention attempt to place slave component in 
non-overlapping regions, but Will assign components to 
these unused regions When non-overlapping regions are not 
available. 

The address assignment mechanisms can be used to 
initialiZe a system or to add or remove components. When 
a system is being initialiZed, each address map associated 
With the various master components is initialiZed to empty 
and all slave components that are not locked to speci?c 
address spans have their address spans reset. In one imple 
mentation, the slave components are sorted so that slave 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
components associated With largest address spans are 
assigned addresses ?rst, according to What master compo 
nents the slave components are connected to. Since smaller 
address spans Will likely be left after the assignment of 
larger address spans, components With smaller address spans 
can still be accommodated. 
The techniques of the present invention also alloW mul 

tiple master components to communicate With the same set 
of slave components. In many typical implementations, only 
a single master component is operable to communicate With 
particular slave components. HoWever, the automatic 
address assignment mechanisms of the present invention 
alloW for the ef?cient assignment of addresses even When 
components have multiple masters. For any given master, no 
tWo slaves can have address ranges that overlap. In the 
multiple master situation, an address span assigned to a ?rst 
slave component by a ?rst master should not con?ict With an 
address span assigned to a second slave component by a 
second master but shared by a ?rst and second master. By 
starting With the most restricted master, the likelihood that 
each map can accommodate all the slaves that are attached 
to it is maximiZed. 

FIG. 4 is a diagrammatic representation of maps associ 
ated With master components that can be used to determine 
the amount of restricted space. Any data structure for 
maintaining information about valid address ranges, avail 
able space, and/or connected slave address spans is referred 
to herein as a map. A variety of data structures including 
tables, vectors, lists, etc. can be used to maintain address 
range information. In one example, a Java class vector is 
used to implement a map. A memory map for master 
component 405 indicates that a valid address range 421 for 
the master component 405 lies betWeen base address 
0x00804000 at 423 and end address 0x00804FFF at 425. 
Some of the addresses associated With master 405 are 
already restricted, leaving available address range 451. The 
available address range is relatively restricted, bounded by 
base address 0x008040FF at 453 and end address 
0x00804FFF at 455. 

Master component 445, on the other hand, has a relatively 
large amount of available space. Master component 445 has 
a valid address range 411 bounded by base address 
0x008040FF at 413 and end address 0x0087FFFF at 415. 
The available address range 491 includes range 0x008040FF 
at 457 to 0x008700FF at 459. Other address ranges may also 
be available. When slave components are added or removed 
from the system, the available address ranges 451 and 491 
can be updated. It should be noted that although the valid 
address ranges shoWn in FIG. 4 are contiguous for each 
master component, addresses ranges need not necessarily be 
contiguous. 

According to various embodiments, information is also 
maintained for all the slave components connected to a 
particular master. FIG. 5 is a diagrammatic representation 
shoWing slave component address spans that may be main 
tained in a particular master component map. Master com 
ponent 501 includes slave components 511, 521, 531, and 
541. Slave component 511 has base address 0x00806000 at 
513 and end address 0x00806FFF at 515. Slave component 
521 has base address 0x00805200 at 523 and end address 
0x008052FF at 525. Slave component has base address at 
0x00805000 at 533 and end address 0x008051FF at 535. 
Slave component 541 has base address 0x00805300 at 547 
and end address 0x008055FF at 549. The vector of slave 
components is used for both performing validation and 
assigning addresses. According to various embodiments, the 
vector of slave components is sorted ?rst by address from 
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lowest to highest. All unaddressed slaves appear at the end, 
sorted by span. As part of validation, the map Will attempt 
to assign addresses to any unaddressed slaves ?rst. This 
involves traversing the vector of available addresses search 
ing for a range that is large enough to accommodate the 
slave. The base address selected must also align With the 
span of the slave. If no suitable address is found, it is left 
unassigned. 

After assigning all unaddressed slaves, it Will traverse the 
vector of slaves and validate that each slave is contained in 
the set of ranges de?ned for the master. It also checks that 
there are no con?icts With other slaves on the same master 

and that each slave is aligned at a base address that is a 
multiple of its span. Errors are generated for each of these 
conditions. Additionally, slaves that Were left unassigned 
generate an error to indicate that they cannot be accommo 
dated in this address map. Warnings may also be generated 
if a slave is only partially accessible by the master, or if it 
is located in the unused region of another slave. 

FIG. 6 is a How process diagram shoWing one example of 
a technique for automatic address assignment. At 601, 
various slave components are associated With various master 
components. In some examples, slave components are con 
nected to master components through a shared bus. In other 
examples, slave components are connected to master com 
ponents through direct links. At 603, a map is created for 
each master component. In some examples, each map is a 
table including information on valid address ranges. At 605, 
the master components are sorted by available unrestricted 
address space. At 607, the most restricted remaining master 
component is selected for automatic address assignment of 
associated slave components. While master components 
remain at 611, slave components associated With the 
selected master component are sorted based on address 
Width at 613. In one example, slave component using the 
most address space are assigned ?rst. At 615, available 
address space in the master component map is initialiZed. 
At 617, the slave component With the largest address 

Width is selected. While slave components remain at 621, it 
is determined at 631 if address space is available to ?t the 
slave component. If no space is available, the slave compo 
nent is marked as not addressable. In some example, 
attempts can be made to assign the slave component to a 
different master component. If space is available, the master 
component map is updated to re?ect the assignment of the 
address span. In some examples, the available addresses 
associated With the master component as Well as the slave 
component vector are updated in the map. 

FIG. 7 is a How process diagram shoWing one example of 
a technique that can be use to validate the assigned address 
of the various slave components. Validation can be per 
formed anytime after any slave component addresses are 
assigned. At 701, a master component and an associated map 
is selected for validation. While master components remain 
at 711, slave components are sorted at 713 for the master 
component being validated. In one example, slave compo 
nents are sorted using base addresses in ascending order. 
Each slave component is then checked beginning at 721. In 
one example, slave components are checked to determine if 
an address is assigned. If no address is assigned at 731, an 
error is posted at 791. In one example, if an error is posted, 
a system designer can manually con?gure addresses or an 
address assignment mechanism can be reinitialiZed. 
At 741, it is determined if the address span of the slave 

component lies Within the valid range of addresses of the 
associated master component. If the slave component is not 
Within the valid range of addresses, an error is posted. 
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10 
OtherWise, it is determined if access to the slave component 
is partial at 751. If access is partial, a Warning instead of an 
error is posted, as various slave component may be intended 
as partial access components. At 761, it is determined if the 
slave component address span is aligned, as calculated from 
the slave component address Width. If the slave address span 
does not align, an error is posted at 791. It can then be 
determined if the slave component address span overlaps 
With the address span of another slave component. If the 
address span overlaps, an error is posted. In some instances, 
hoWever, it may only be necessary to post a Warning, as 
some addresses in a slave component address span may not 
be used and instead may be allocated for use by other slave 
components. 

It should be noted that a variety of validation techniques 
can be used. In some examples, only alignment and overlap 
may be checked. In other examples, validation may include 
optimiZation to reduce fragmentation in the address space. 
Reducing fragmentation may entail reassigning slave com 
ponents to address segments that better ?t slave component 
address spans to increase the amount of available contiguous 
address space for each master component. 

FIG. 8 illustrates a typical computer system that can be 
used to implement a programmable chip in accordance With 
an embodiment of the present invention. The computer 
system 800 includes any number of processors 802 (also 
referred to as central processing units, or CPUs) that are 
coupled to storage devices including primary storage 806 
(typically a random access memory, or “RAM”), primary 
storage 804 (typically a read only memory, or “ROM”). The 
processors 802 can be con?gured to receive selection infor 
mation from a user to dynamically generate a logic descrip 
tion. As is Well knoWn in the art, primary storage 804 acts 
to transfer data and instructions uni-directionally to the CPU 
and primary storage 806 is used typically to transfer data and 
instructions in a bi-directional manner. 

Both of these primary storage devices may include any 
suitable type of the computer-readable media described 
above. A mass storage device 808 is also coupled bi 
directionally to CPU 802 and provides additional data 
storage capacity and may include any of the computer 
readable media described above. The mass storage device 
808 may be used to store programs, data and the like and is 
typically a secondary storage medium such as a hard disk 
that is sloWer than primary storage. The mass storage device 
808 can be used to hold a library or database of prepackaged 
logic or intellectual property functions, as Well as informa 
tion on generating particular con?gurations. It Will be appre 
ciated that the information retained Within the mass storage 
device 808, may, in appropriate cases, be incorporated in 
standard fashion as part of primary storage 806 as virtual 
memory. Aspeci?c mass storage device such as a CD-ROM 
814 may also pass data uni-directionally to the CPU. 
CPU 802 is also coupled to an interface 810 that includes 

one or more input/output devices such as video monitors, 
track balls, mice, keyboards, microphones, touch-sensitive 
displays, transducer card readers, magnetic or paper tape 
readers, tablets, styluses, voice or handWriting recogniZers, 
or other Well-knoWn input devices such as, of course, other 
computers. Video monitors can be used to display WiZards 
and subWiZards to a user. Finally, CPU 802 optionally may 
be coupled to a computer or telecommunications netWork 
using a netWork connection as shoWn generally at 812. With 
such a netWork connection, it is contemplated that the CPU 
might receive information from the netWork, or might output 
information to the netWork in the course of performing the 
above-described method steps. It should be noted that the 
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system 800 may also be associated With devices for trans 
ferring completed designs onto a programmable chip. The 
above-described devices and materials Will be familiar to 
those of skill in the computer hardWare and softWare arts. 

The hardWare elements described above may be con?g 
ured (usually temporarily) to act as multiple softWare mod 
ules for performing the operations of this invention. For 
example, instructions for running a generator program, input 
stage (e.g., a Wizard), and/or compiler may be stored on 
mass storage device 808 or 814 and eXecuted on CPU 808 
in conjunction With primary memory 806. 

Although many of the components and processes are 
described above in the singular for convenience, it Will be 
appreciated by one of skill in the art that multiple compo 
nents and repeated processes can also be used to practice the 
techniques of the present invention. 

While the invention has been particularly shoWn and 
described With reference to speci?c embodiments thereof, it 
Will be understood by those skilled in the art that changes in 
the form and details of the disclosed embodiments may be 
made Without departing from the spirit or scope of the 
invention. For eXample, various aspects described above 
may be implemented using ?rmWare, softWare, or hardWare. 
Moreover, aspects of the present invention may be employed 
With a variety of different ?le formats, languages, and 
communication protocols and should not be restricted to the 
ones mentioned above. Therefore, the scope of the invention 
should be determined With reference to the appended claims. 
What is claimed is: 
1. Amethod for generating a memory map associated With 

a programmable chip, the method comprising: 
receiving information in a computer system identifying a 

?rst master component to be implemented on a pro 
grammable chip, Wherein the ?rst master component is 
associated With a map having information identifying a 
valid address range and available addresses; 

receiving information identifying a ?rst slave component 
to be implemented on the programmable chip, the ?rst 
slave component con?gurable as a component con 
nected to the ?rst master component, Wherein informa 
tion for implementing the ?rst slave component on the 
programmable chip is included in a library of compo 
nents, Wherein the library of components is provided as 
a database of precon?gured intellectual property 
blocks; and 

determining a ?rst address span for the ?rst slave com 
ponent, the ?rst address span corresponding to a ?rst 
base address and a ?rst end address Within the ?rst valid 
address range. 

2. The method of claim 1, Wherein determining the ?rst 
address span comprises locating the best ?t for the ?rst slave 
component in the ?rst valid address range. 

3. The method of claim 1, Wherein the ?rst valid address 
range is contiguous. 

4. The method of claim 1, Wherein the ?rst master 
component is a ?rst processor core. 

5. The method of claim 1, Wherein the ?rst slave com 
ponent is parameteriZable. 

6. The method of claim 1, further comprising: 
receiving information identifying a second slave compo 

nent for implementation on the programmable chip, the 
second slave component associated With a second 
address span, the second slave component con?gurable 
as a component connected to the ?rst master compo 

nent; and 
determining a second address span for the second slave 

component, the second address span not overlapping 
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With the ?rst address span, Wherein the second address 
span corresponds to a second base address and a second 
end address, Wherein the second address span resides at 
least partially Within the ?rst valid address range. 

7. The method of claim 6, further comprising assigning 
the ?rst and second slave components to the ?rst master 
component. 

8. The method of claim 6, Wherein the ?rst slave com 
ponent is parameteriZable. 

9. The method of claim 8, Wherein parameter information 
associated With the ?rst slave component affects the siZe of 
the ?rst address span. 

10. The method of claim 6, Wherein the ?rst master 
component is selected from the library of components. 

11. The method of claim 6, Wherein the second slave 
component is selected from the library of components. 

12. The method of claim 6, Wherein determining the 
second address span comprises receiving a locked address 
from a system designer. 

13. The method of claim 6, further comprising a second 
master component associated With a second valid address 
range. 

14. The method of claim 13, Wherein the ?rst and second 
valid address ranges overlap. 

15. The method of claim 13, Wherein the ?rst slave 
component is accessible by both the ?rst and second master 
components. 

16. The method of claim 15, Wherein the ?rst address span 
resides in a portion Where the ?rst and second valid address 
ranges overlap. 

17. The method of claim 13, further comprising selecting 
a third slave component, wherein the third slave component 
is con?gured as a component connected to the second master 
component. 

18. The method of claim 17, Wherein the ?rst master 
component and the second master component are masters of 
the third slave component. 

19. The method of claim 18, Wherein the ?rst master 
component is directly coupled to the ?rst slave component 
Without the use of a shared bus. 

20. The method of claim 6, further comprising validating 
the ?rst and second address spans. 

21. The method of claim 20, Wherein validating the ?rst 
and second address spans comprises determining if the ?rst 
and second slave components are assigned addresses in the 
valid range of addresses associated With the ?rst master 
component. 

22. The method of claim 20, Wherein validating the ?rst 
and second address spans comprises determining if the ?rst 
and second address spans are aligned. 

23. The method of claim 20, Wherein validating the ?rst 
and second address spans comprises determining if the ?rst 
and second address spans overlap With address spans of any 
slave components. 

24. The method of claim 20, Wherein validating the ?rst 
and second address spans comprises determining if ?rst and 
second slave component access is partial. 

25. Acomputer system for implementing a programmable 
chip, the computer system comprising: 

an input interface con?gured to receive information iden 
tifying a ?rst master component to be implemented on 
a programmable chip and information identifying a ?rst 
slave component to be implemented on the program 
mable chip, the ?rst slave component con?gurable as a 
component connected to the ?rst master component; 

a storage mechanism con?gured to hold information for 
implementing a plurality of components including the 
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?rst slave component, wherein information for imple 
menting the plurality of components is included in a 
library of components; and 

a processor con?gured to determine a ?rst address span 
for the ?rst slave component, the ?rst address span 
corresponding to a ?rst base address and a ?rst end 
address Within a ?rst valid address range associated 
With the ?rst master component, Wherein the ?rst mast 
component is associated With a map having information 
identifying a valid address range and available 
addresses. 

26. The computer system of claim 25, Wherein the pro 
cessor is further con?gured to receive information identify 
ing a second slave component, Wherein information for 
implementing the second slave component on the program 
mable chip is included in the library of components. 

27. The computer system of claim 26, Wherein the pro 
cessor is further con?gured to determine a second address 
span for the second slave component, the second address 
span not overlapping With the ?rst address span, Wherein the 
second address span corresponds to a second base address 
and a second end address, Wherein the second address span 
resides at least partially Within the ?rst valid address range. 

28. The computer system of claim 26, Wherein the map 
further comprises information identifying the slave compo 
nents coupled to the ?rst master component. 

29. The computer system of claim 28, Wherein the pro 
cessor is further con?gured to validate the address span 
assigned to the ?rst slave component. 

30. The computer system of claim 29, Wherein validating 
the ?rst address span comprises determining if the ?t and 
second slave components are assigned addresses in the valid 
range of addresses associated With the ?rst master compo 
nent. 

31. The computer system of claim 29, Wherein validating 
the ?rst address span comprises determining if the ?rst 
address span is aligned. 

32. The computer system of claim 29, Wherein validating 
the ?rst address span comprises determining if the ?rst 
address span overlap With the address spans of any slave 
components coupled to the ?rst master component. 

33. The computer system of claim 29, Wherein validating 
the ?rst address span comprises determining if ?rst and 
second slave component access is partial. 

34. The computer system of claim 25, Wherein the pro 
cessor is further con?gured to assign the ?rst and second 
slave components to the ?rst master component. 

35. The computer system of claim 25, Wherein the ?rst 
slave component is parameteriZable. 

36. The computer system of claim 35, Wherein parameter 
information associated With the ?rst slave component affects 
the siZe of the ?rst address span. 

37. The computer system of claim 25, Wherein the ?rst 
master component is selected from the library of compo 
nents. 

38. The computer system of claim 25, Wherein the second 
slave component is selected from the library of components. 

39. The computer system of claim 25, Wherein determin 
ing the ?rst address span comprises locating the best ?t for 
the ?rst slave component in the ?rst valid address range. 

40. The computer system of claim 25, Wherein determin 
ing the second address span comprises receiving a locked 
address from a system designer. 

41. The computer system of claim 25, Wherein the ?rst 
valid address range is contiguous. 

42. The computer system of claim 25, Wherein the ?rst 
master component is a ?rst processor core. 
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43. The computer system of claim 25, Wherein the ?rst 

slave component is parameteriZable. 
44. The computer system of claim 25, further comprising 

a second master component associated With a second valid 
address range. 

45. The computer system of claim 44, Wherein the ?rst 
and second valid address ranges overlap. 

46. The computer system of claim 44, Wherein the ?rst 
slave component is accessible by both the ?rst and second 
master components. 

47. An apparatus for generating a memory map associated 
With a programmable chip, the apparatus comprising: 

means for receiving information identifying a ?rst master 
component to be implemented on a programmable 
chip, Wherein the ?rst master component is associated 
With a map having information identifying a valid 
address range and available addresses; 

means for receiving information identifying a ?rst slave 
component to be implemented on the pro ble chip, the 
?rst slave component con?gurable as a component 
connected to the ?rst master component, Wherein infor 
mation for implementing the ?rst slave component on 
the programmable chip is included in a library of 
components, Wherein the library of components is 
provided as a database of precon?gured intellectual 
property components; 

means for receiving information identifying a second 
slave component for implementation on the program 
mable chip, the second slave component associated 
With a second address span, the second slave compo 
nent con?gurable as a component connected to the ?rst 
master component; 

means for determining a ?rst address span for the ?rst 
slave component, the ?rst address span corresponding 
to a ?rst base address and a ?rst end address Within the 
?rst valid address range; and 

means for determining a second address span for the 
second slave component, the second address span not 
overlapping With the ?rst address span, Wherein the 
second address span corresponds to a second base 
address and a second end address Within the ?rst valid 
address range. 

48. The apparatus of claim 47, further comprising means 
for assigning the ?rst and second slave components to the 
?rst master component. 

49. The apparatus of claim 47, Wherein the ?rst slave 
component is parameteriZable. 

50. The apparatus of claim 49, Wherein parameter infor 
mation associated With the ?rst slave component affects the 
siZe of the ?rst address span. 

51. The apparatus of claim 47, Wherein the ?rst master 
component is selected from the library of components. 

52. A computer readable medium comprising computer 
code for implementing a programmable chip, the computer 
readable medium comprising: 

computer code for receiving information identifying a 
?rst master component to be implemented on a pro 
grammable chip Wherein the ?rst master component is 
associated With a map having information identifying a 
valid address range and available addresses; 

computer code for receiving information identifying a 
?rst slave component to be implemented on the pro 
grammable chip, the ?rst slave component con?gurable 
as a component connected to the ?rst master compo 
nent, Wherein information for implementing the ?rst 
slave component on the programmable chip is included 
in a library of components, Wherein the library of 
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components is provided as a database of precon?gured 
intellectual property functions; 

computer code for receiving information identifying a 
second slave component for implementation on the 
programmable chip, the second slave component asso 
ciated With a second address span, the second slave 
component con?gurable as a component connected to 
the ?rst master component; 

computer code for determining a ?rst address span for the 
?rst slave component, the ?rst address span corre 

16 
sponding to a ?rst base address and a ?rst end address 
Within the ?rst valid address range; and 

computer code for determining a second address span for 
the second slave component, the second address span 
not overlapping With the ?rst address span, Wherein the 
second address span corresponds to a second base 
address and a second end address Within the ?rst valid 
address range. 


